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ABSTRACT
Sound signals are used for imaging and communication in the ocean. Underwater sound
speed has a minimum at a certain depth that forms a sound channel for long-range underwater sound
propagation. The geographic variation of sound channel is crucial in uses of underwater sound in
various environments including ocean acoustic tomography and monitoring of global warming. In
this work, sound speed and depth of the channel axis in the global ocean are characterized for their
variation with the latitude, longitude, and depth.
About 16,000 sound speed profiles are calculated from Conductivity, Temperature and
Pressure (CTD) data collected in the World Ocean Circulation Experiment and used to characterize
the features of the channel axis. It is found that the Indian Ocean in the north tropical region and the
North Atlantic Ocean in the subtropical region have the deeper sound axis and larger axial sound
speed than the other oceans. Practical formulas for the dependence of the axial sound speed and
depth on latitude are given from polynomial fits for individual oceans and the global ocean.
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CHAPTER 1
INTRODUCTION AND LITERATURE SURVEY
1.1 Underwater Sound Speed
Figure 1.1:
The profiles for the temperature, pressure, salinity and sound speed (left-right panel).
Temperature is higher in the ocean surface and decreases with depth. In the deeper
ocean temperature is constant about 2◦ C and pressure linearly increases with the depth.
As a result sound speed increases in the surface and deep ocean and forms minimum at
a certain depth.
The sound speed in the ocean is mainly affected by temperature and pressure. In the
upper ocean the temperature dramatically decreases with the depth, and in the deeper ocean the
temperature is constant while the pressure keeps increasing with the depth where salinity has
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minimum effect in sound speed. As a result, there is a minimum sound speed at a certain depth
where the axis of the sound channel is formed (Fig. 1.1). Sound speed does not typically vary by
more than 5% over the water column, but this variation is significant for sound propagation.
The underwater sound is refracted toward the sound channel axis (Fig. 1.2). In general, the
depth of the axis is about 1 km in the mid-latitude. When going from the equator to the poles, the
ocean surface temperature decreases and its variation from surface to the bottom of the ocean is
minimal. As a result, the axis of sound channel becomes shallower. The depth of the axis varies
with the seasons and ocean dynamics.
Figure 1.2:
Underwater sound wave refracted due to change in temperature, pressure and salinity
in the ocean. The sound channel is formed where the sound speed is minimum. Image
downloaded in March 20198.
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1.2 Literature Survey
The geographic variation of axis depth and speed is crucial in many areas where underwater
sound is used, such as ocean acoustic tomography13 and using long-range underwater water sound
propagation for monitoring of the global warming17. The axis depth and speed for the Pacific Ocean
extending from 60◦N to 60◦Swas computed using hydrographic data of the National Oceanographic
Data Center (NODC)9,5. Sound speed in the Atlantic Ocean (between 40◦S and 40◦N) was also
computed using hydrographic data from NODC18. The chart of depth and sound speed at the
sound axis of the global ocean were mapped by17 using data of about 8,000 hydrographic stations
(selected from11).
1.3 Overview
In the present work, we characterize the variation of the depth and sound speed of the axis
along longitude, latitude and depth. The characterization is from sound speed profiles that we
mapped out in four oceans (Pacific, Atlantic, Indian, and Southern). We used data of conductivity,
temperature, and density about 16,000 hydrographic stations from the World Ocean Circulation
Experiment (WOCE) database to get the statistical results.
The World Ocean Circulation Experiment database will be discussed in Chapter 2. The
empirical formula and computational tools used to compute sound speed and ocean depth will be
explained in detail. Calculation of axial sound speed and depth will also be explained in Chapter 2.
Chapter 3 explain the variation of axial speed and depth with longitude, latitude, and depth
of the ocean. The variations of the axial speed and depth in the individual oceans will be explained
here. The detail explanation of the difference in the axial speed and depth for the equal latitude
in the different oceans will be discussed in this chapter. The derived generalized formulae for the
latitude-dependent axial speed and depth and the fitting coefficients for the individual oceans and
for the global ocean will be given. Chapter 4 describe the conclusion of our work and its acoustic
applications. Chapter 4 presents data sample and the codes which were developed for the project.
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CHAPTER 2
METHODS
2.1 The World Ocean Circulation Experiment (WOCE) database
Figure 2.1:
Map of the 16,000 stations in the WOCE where CTD data were taken for all four
oceans: Atlantic (black triangle), Pacific (blue diamond), Indian (red square), and
Southern (green circle).
Conductivity, temperature and pressure data were taken from WOCE1. The Experiment
was conducted as a component of theWorld Climate Research Program (WCRP) between 1990 and
1998. In our analysis, we also included data earlier than 1985 and later than 1998. The locations
of the 16, 025 stations are shown in Fig. 2.1. The data were collected using different research
vessels. These vessels stopped at about 60 km intervals and lowered sensors into the water column
4
with cables and recorded the oceanic parameters. The measurements included CTD scans Fig.
(2.2), Acoustics Doppler Current Profiles and sea-level measurements. Our analysis is based on the
CTD data (from 294 cruises) obtained in the four oceans: Atlantic (6321 stations), Pacific (5811
stations), Indian (2881 stations) and Southern (1012 stations).
5
Figure 2.2:
A Conductivity, Temperature, and Pressure scanning device. Name of the different
parts are provided in the figure. Image downloaded in March 2019.3
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2.2 Computation of sound speed
We computed sound speed profiles using the formula developed by2. The sound speed
profile calculated using this formula for the one station is shown in the Fig. 2.3(a).
c(S,T, P) = C(T, P) + A(T, P)S + B(T, P)S3/2 + D(T, P)S2, (2.1)
where P is pressure in bar, S is salinity in PSU, and T is temperature in degrees Celsius. The
coefficients are:
C(T, P) = C00 + C01 + C02T2 + C03T3 + C04T4 + C05T5
+
(
C10 + C11T + C12T2 + C13T3 + C14T4
)
P
+
(
C20 + C21T + C22T2 + C23T3 + C24T4
)
P2
+
(
C30 + C31T + C32T2
)
P3,
A(T, P) = A00 + A01T + A02T2 + A03T3 + A04T4
+
(
A10 + A11T + A12T2 + A13T3 + A14T4
)
P
+
(
A20 + A21T + A22T2 + A23T3
)
P2
+
(
A30 + A31T + A32T2
)
P3,
B(T, P) = B00 + B01T2 + (B10 + B11T) P,
D(T, P) = D00 + D10P.
There are several formulae have been used in the past to calculate the speed of sound in
water. Among them are Wilson20, Medwin12, Mackenzie10, Del-Grosso4 and Chen and Millaro2.
Sound speeds computed by Chen and Millaro agree on average with the work of Wilson to 0.3
m/sec, and with work of the Del Grosso to 0.5 m/sec2. The sound speed profile calculated using
7
Figure 2.3:
Illustrations of sound speed profiles: (a) containing the sound axis (red colored line)
and (b) incomplete above the sound axis. The black dashed line in (a) is the fitting by
Munk’s sound speed profile; see Eq. (4.1).
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Chen and Millaro’s formula for one station is shown in the Fig. 2.3(a).
2.3 Computation of ocean depth
We present the sound speed as a function of depth. We convert the pressure to depth using
the ‘height from pressure routine’ (Gsw_z_from_p) in Thermodynamic Equation of SeaWater 2010
(TEOS-10)19. The TEOS-10 used the most recent version of Gibbs equation of state for seawater.
2.4 Computation of axial sound speed and depth
The axis of the sound channel is found from each sound speed profile. We did not include the
speed profiles that did not reach the sound axis. Figure 2.3(b) is an example of such incomplete sound
speed profile. Most of these incomplete profiles are in shallow water regions within continental
shelves and slopes. We ignored these stations by setting up the criteria that the axis depth is
at least 500 m above the deepest of the profile. The speed of sound varies along the latitude
and longitude of the ocean. The color plot in Fig. 2.4(a) shows an example of the sound speed
variation along the latitude of a vertical transect starting from Trinidad, Spain to Woods Hole, MA,
where the data were taken from August 15 to September 03, 1997 (Cruise A22 in the database).
White dots in the figure represent a speed minimum at each station. In the plot, the brown color
shows the seafloor topography22, extracted from seafloor database NASA-ASTER-USGS using the
GeoMapApp 3.6.67.
An example of the variation of sound speed along longitudes is shown in the color plot Fig.
2.4b. Here, we chose horizontal transect - Cruise A08. The cruise path is in the south Atlantic
Ocean, from Brazil to Namibia. The data were taken from March 29 to May 11, 1994. For this
particular transect, the plot shows small variation of the sound channel along the longitude.
9
Figure 2.4:
Illustrations of variation of sound speed along (a) latitude (cruise A22) and (b) longitude
(cruise A08). The white dots represent locations of the sound axis, and the red dotted
lines in the insets shows the cruise transect. Sea floor topography is shown in the brown
color.
10
CHAPTER 3
RESULTS
We present the results obtained from analysis of the WOCE - CTD data. Here, we discuss
the variation of axial sound speed and depth with longitude, latitude, and depth.
11
3.1 Variation of sound axis and depth with latitude
(a) (b)
(c) (d)
(e) (f)
Figure 3.1:
(Color online) Variation of the minimum sound speed (right hand side panels) and the
axis depth (left hand side panels) with latitude. Figure (a)-(b) are for the Atlantic Ocean
while (c)-(d) are for the Indian Ocean, and (e)-(f) are for the Pacific Ocean. The solid
curves represent polynomial fitting the data shown above.
The results of our statistical analysis are presented in the Fig. 3.1 which shows positions of
the axial sound speed (right-hand side panels) and corresponding depth (left-hand side panels) as
a function of latitude for three major oceans.
Figs. 3.1(a) and 3.1(b) shows that the North Atlantic Ocean has maximum axial speed and
depth from latitude 20◦N to 50◦N. The axial sound speed and depth have a variation range of about
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66 m/s and 2000 m, respectively. The axial sound speed and depth have large variations in the
North Atlantic Ocean. The large variation comes from the inflow of warm saline water of the
Mediterranean Sea and cold arctic water from the Labrador Sea18. Internal waves, ocean currents,
and water mass boundaries are also causes of the variations9.
The results of the Indian ocean in Figs. 3.1(c) and 3.1(d) shows that the axial speed gradually
increases with latitude (40◦S - 20◦N) [Fig. 3.1(d)] when the axial depth is gradually deepened, up
to 1900 m/s at 20◦N [Fig. 3.1(c)]. Axial speed and depth both are sharply increasing with latitude
(50◦S - 40◦S). The variation of the axial speed and depth over the whole latitude range is about 60
m/s and 1900 m, respectively.
The Pacific Ocean [Figs. 3.1(e) and 3.1(f)] exhibits small variations in the axial speed and
depth in the equatorial belt, and large variations in the South Pacific at latitudes 25◦S - 40◦S. The
maximum axial speed and depth in the South Pacific region is located near 40◦S. This large axial
speed and depth in the South Pacific Ocean comes from the presence of the South Pacific gyre. The
South Pacific gyre is more effective 30◦S - 40◦S latitude and near 150◦W longitude5. The variation
of axial depth and speed in the whole Pacific Ocean is about 1500 m and 50 m/s, respectively.
We fit the axial sound speed c1 (m/s) and depth z1 (m) as a function of latitude L (degree) using
fifth-degree polynomials for each ocean,
c1 = A0 + A1L + A2L2 + A3L3 + A4L4 + A5L5 (3.1)
z1 = B0 + B1L + B2L2 + B3L3 + B4L4 + B5L5, (3.2)
where the fitting coefficients A0 - A5 and B0 - B5 are given in the tables 3.1 and 3.2, respectively.
We did not fit the data for the Southern Ocean where the sound axis is near the surface and
also the data were limited. The distribution of axial sound speed and depth for all the four oceans
is presented in Fig. 3.2.
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Table 3.1: Fitting coefficients for the axial sound speed
Atlantic Pacific Indian Total
A0 1483 1484 1490 1483
A1 0.25 0.04 0.46 0.05
A2 4.0 × 10−3 −9.8 × 10−5 1.7 × 10−2 3.0 × 10−3
A3 −4.9 × 10−5 −1.5 × 10−4 −5.6 × 10−4 3.3 × 10−5
A4 −3.1 × 10−6 −1.9 × 10−6 −3.4 × 10−5 −2.3 × 10−6
A5 6.8 × 10−9 3.7 × 10−8 −3.1 × 10−7 −6.3 × 10−9
Table 3.2: Fitting coefficients for the axial depth
Atlantic Pacific Indian Total
B0 −836 −985 −1314 −920
B1 −8.37 5.42 −38.19 0.04
B2 0.24 −0.03 −1.06 -0.08
B3 −3.0 × 10−3 −5.0 × 10−3 4.5 × 10−2 −2.7 × 10−3
B4 1.0 × 10−9 1.1 × 10−4 2.2 × 10−3 7.6 × 10−5
B5 −3.0 × 10−7 −1.5 × 10−6 2.0 × 10−5 7.0 × 10−7
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(a)
(b)
Figure 3.2:
(Color online) Variations of (a) axial speed and (b) axial depth from about 16,000
stations as a function of latitude for the four oceans: Atlantic (black triangle), Pacific
(blue diamond), Indian (red square) and Southern ocean (green circle). The curves
represents polynomial fitting.
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Figure 3.3:
(Color online) (a) Temperature profiles of Atlantic (black solid line, longitude 8.6◦W),
Pacific (blue solid line,longitude 150◦W), and Indian Ocean (red square line, longitude
54◦E). All of them are in equal latitude (8.5◦S). (b) Temperature profile of the North
Pacific (blue solid line, longitude 144◦E) and North Atlantic (black solid line, longitude
25◦W) in the latitude 36◦N.
3.2 Sensitivities of the sound axis in the global ocean
By comparing different oceans in Fig. 3.2 useful features can be seen. The variations in the
axial speed and depth for the global ocean is larger in the northern latitude region than the southern
16
region.
For example in the tropical region, the Indian Ocean (0◦ to 20◦N) has a larger axial speed
and depth in comparison with the Atlantic and Pacific (Fig. 3.2). The deeper axis in the equatorial
belt of the Indian Ocean is a result of the deeper and flatter thermocline (Fig. 3.3a). The deeper and
flatter thermocline is cause by weak winds resulting from the southwest and northeast monsoons.
Second example, in comparison to the North Pacific Ocean (Fig. 3.3b) the North Atlantic
Ocean (20◦N to 50◦N) has a larger axial sound speed and depth. This features mainly comes from
the temperature differences. The temperature profiles in Fig. 3.3b show the thermocline in the
North Atlantic Ocean is wider and deeper than that in the North Pacific Ocean.
3.3 Sensitivity of the sound axis with the depth
Figure 3.4 characterizes the axial (minimum) sound speed versus the axial depth (minimum
depth), which is the depth at which the minimum sound speed occurs. For given depth the sound
speed minimum perturbed primarily by temperature and secondarily by the salinity. The axial
sound speed varies significantly near the surface, where the temperature and salinity variations are
large. The variation of minimum sound speed decrease with depth 3.4. In the global ocean the
total variation of axial depth is about 2 km (Fig. 3.4). The variation in the axial sound speed is
about 66 m/s (from 1437 m/s to 1503 m/s).
Further illustration of the geographic variation of sound axis and depth along longitude and
latitude are shown in Fig. 4.1. We did not fit the axial sound speed and depth with longitude
because of their variations is relatively small as compared with along latitude. We have a well-
organized database for the individual ocean (containing longitude, latitude, minimum sound speed,
and minimum depth data) and for the global ocean. Those data can be used to do the fits along the
longitude.
17
Figure 3.4:
(Color online) Axial sound speed vs axial depth for the four oceans. The symbols are
identical that in Fig. 2.1.
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Figure 3.5:
Salinity variation with latitude in the world ocean (symbols and colors are identical
with Fig. 2.1).
3.4 Distribution of salinity and temperature at the sound channel
The variation of salinity in the world ocean is shown in Fig. 3.5. The salinity variation in
the world ocean is very small. The salinity variations in the North Atlantic and the Indian Ocean
is higher than other oceans for the same latitude. Whereas, the temperature at the sound channel in
the world ocean is fairly constant (Fig. 3.6).
19
Figure 3.6:
Temperature variation with latitude in the world ocean (symbols and colors are identical
with Fig. 2.1).
20
CHAPTER 4
DISCUSSION AND CONCLUSION
In conclusion, our work reports the geographic variations of axial sound speed and depth in
the global ocean. Approximately 16,000 sound speed profiles were calculated from the CTD data
of the WOCE. These profiles were used to find the axial sound speed and depth (Fig. 4.1). The
large number of sound speed profiles enable us to characterize the dependence of the axial sound
speed c1 and depth z1 as a function of latitude. The results from Equations 3.1 and 3.2 can be input
into the Munk formula15,
c(z) = c1
[
1 + 7.4 × 10−3
{2(z − z1)
1300 m
+ exp(−2(z − z1)
1300 m
) − 1
}]
. (4.1)
The Munk sound speed profile is an idealized sound speed profiles that describe the primary
features of the deep-ocean channel [see Fig. 2.1(a)]. The formulas [Eqs. (3.1) and (3.2)] for axial
depth z1 and sound speed c1 as a function of latitude can be used in Eq. (4.1) to account for the
latitude dependence. One example in the application of latitude-dependent sound speed profiles is
for ocean acoustic tomography13. In combine with acoustic tomography Eqs. 3.1, 3.2 and 4.1 can
be used to monitor climate change and global warming21,16. In addition, Eqs. 3.1 and 3.2 can be
used to conduct underwater acoustic tomography14 and to monitor seismic activities due to nuclear
weapons test6.
21
(a)
(b)
Figure 4.1:
(Color online) Geographic variation of (a) axial depths and (b) axial sound speed in the
global ocean.
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1 The World Ocean Circulation Experiment data format The data sample for the
one station (cruise a08a, station 264) is given below. The first column represents pressure, the
second column represents temperature and the third column represent salinity. We use pressure,
temperature and salinity data to compute sound speed profile. The oxygen data are given in column
4 which is not required in our work. The CTD flag 2means no problem noted during the experiment
and -999 represents a missing value.
CTD 20011218WHPOSIOKJU
#Software Version: CTD_Exchange_Encode_v1.0e (Diggs)
#SUMFILE_NAME:     a08su.txt
#SUMFILE_MOD_DATE: Tue Dec 18 15:11:08 2001
#CTDFILE_NAME:     a08_0264.wct
#CTDFILE_MOD_DATE: Tue Dec 18 15:12:15 2001
#DEPTH_TYPE      : COR
#EVENT_CODE      : BO
NUMBER_HEADERS = 10
EXPOCODE = 06MT28_1
SECT = A08
STNNBR =   264
CASTNO =     2
DATE = 19940502
TIME =  1310
LATITUDE =  -11.3338
LONGITUDE =   10.0012
DEPTH =  -999
CTDPRS CTDPRS_FLAG_WCTDTMP CTDTMP_FLAG_WCTDSAL CTDSAL_FLAG_WCTDOXY CTDOXY_FLAG_W
DBAR ITS-90 PSS-78 UMOL/KG
0 2 26.1449 2 35.4241 2 -999 9
2 2 26.7187 2 35.7472 2 -999 9
4 2 26.7996 2 35.804 2 -999 9
6 2 26.7765 2 35.8034 2 -999 9
8 2 26.7523 2 35.8046 2 -999 9
10 2 26.7351 2 35.8059 2 -999 9
12 2 26.7272 2 35.8071 2 -999 9
14 2 26.7181 2 35.8106 2 -999 9
16 2 26.7117 2 35.8106 2 -999 9
18 2 26.7052 2 35.8107 2 -999 9
20 2 26.7012 2 35.8124 2 -999 9
22 2 26.6952 2 35.8147 2 -999 9
24 2 26.3814 2 35.8566 2 -999 9
26 2 25.0383 2 35.9615 2 -999 9
28 2 23.4047 2 35.9577 2 -999 9
30 2 21.7378 2 35.847 2 -999 9
32 2 20.5115 2 35.7759 2 -999 9
34 2 19.7259 2 35.7355 2 -999 9
36 2 18.995 2 35.7017 2 -999 9
38 2 18.2643 2 35.6848 2 -999 9
40 2 17.7086 2 35.6725 2 -999 9
42 2 17.4339 2 35.6634 2 -999 9
44 2 17.2164 2 35.6573 2 -999 9
46 2 17.0158 2 35.6507 2 -999 9
48 2 16.8165 2 35.645 2 -999 9
50 2 16.6255 2 35.6356 2 -999 9
52 2 16.4812 2 35.6299 2 -999 9
27
2 Data acquisition
1 %% Main f i l e
2 c l e a r
3 c l c
4 d i r e c t o r y = ’ Data2 / newone / a∗ ’ ;
5
6 pa t h = [ d i r e c t o r y , ’ / ’ , ’ ∗ . c sv ’ ] ; %f i l t e r i n g a l l c sv f i l e s
7
8 F i l e s = d i r ( p a t h ) ; % ge t a l l . c sv f i l e i n p a t h
9 %% Dsplay f o r t h e debug
10 d i s p l a y ( [ ’No of F i l e s = ’ , num2s t r ( l e n g t h ( F i l e s ) ) ] ) % number o f
f i l e s
11 i f ( l e n g t h ( F i l e s ) == 0)
12 d i s p l a y ( ’No Data ’ ) ;
13 r e t u r n ;
14 end
15 %% Gene r a t e t h e s e f i l e s
16 FileName = [ ] ;
17 C = [ ] ;
18 z = [ ] ;
19 T = [ ] ;
20 P = [ ] ;
21 P1 = [ ] ;
22 S = [ ] ;
23 l a t = [ ] ;
24 l ong = [ ] ;
25
28
26 heade r = ’ ’ ; % s k i p p i n g
h e a d e r s f o r ’ . ’ and ’ . . ’ f i l e s
27
28 f o r i = 1 : l e n g t h ( F i l e s ) % 1 t o number
o f f i l e s i n a d i r e c t o r y
29 FileName = [ d i r e c t o r y , ’ / ’ , F i l e s ( i ) . name ] ; %[ f i l e p a t h ,
name , e x t ] = f i l e p a r t s ( FileName ) ;
30
31 heade r = s t r c a t ( header , F i l e s ( i ) . name ) ; % add f i l e
name as a column name
32 heade r = s t r c a t ( header , ’ , ’ ) ; % move t o t h e
nex t column
33
34 d i s p l a y ( [ ’ P r o c e s s i n g F i l e : ’ , F i l e s ( i ) . name ] )
35
36 [ temp_C temp_z , temp_T , temp_P , temp_P1 , temp_S , t emp_ l a t ,
t emp_long ] = t e s t ( FileName ) ; % c a l l i nn e r − l o g i c
37 [ NumRecord ( i ) , c o l ] = s i z e ( temp_C ) ; % ge t number o f
e n t r i e s i n each f i l e
38 C( 1 : NumRecord ( i ) , i ) = temp_C ; % s t o r e each f i l e s
d a t a i n g iven i column
39 z ( 1 : NumRecord ( i ) , i ) = temp_z ; % s t o r e each f i l e s
d a t a i n g iven i column
40 T ( 1 : NumRecord ( i ) , i ) = temp_T ;
41
42 P1 ( 1 : NumRecord ( i ) , i ) = ( temp_P1 ) ; % u n i t i n d e c i b a r .
43
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44 P ( 1 : NumRecord ( i ) , i ) = ( temp_P ) ; %P r e s s u r e i n d e c i b a r .
45 S ( 1 : NumRecord ( i ) , i ) = temp_S ; %p r a c t i c a l s a l i n i t y
46 l a t ( 1 : NumRecord ( i ) , i ) = t emp_ l a t ; % l a t i t i d e i n deg r e e
47 l ong ( 1 : NumRecord ( i ) , i ) = temp_long ; % l o n g i t u d e i n deg r e e
48
49 end
50
51 heade r = s t r c a t ( header , ’ \ n ’ ) ; % Cr e a t e heade r and move t o t h e
nex t l i n e
52
53 % gen e r a t e d i f f e r e n t o u t p u t f i l e s .
54
55 o u t f i l e _C = [ d i r e c t o r y , ’_C . csv ’ ] ;
56 f i d _ c = fopen ( o u t f i l e _C , ’wt ’ ) ;
57 f p r i n t f ( f i d_ c , h e ade r ) ;
58 f c l o s e ( f i d _ c ) ;
59
60 o u t f i l e _ z = [ d i r e c t o r y , ’ _z . csv ’ ] ;
61 f i d = fopen ( o u t f i l e _ z , ’wt ’ ) ;
62 f p r i n t f ( f i d , h e ade r ) ;
63 f c l o s e ( f i d ) ;
64
65 o u t f i l e _ T = [ d i r e c t o r y , ’_T . csv ’ ] ;
66 f i d = fopen ( o u t f i l e _T , ’wt ’ ) ;
67 f p r i n t f ( f i d , h e ade r ) ;
68 f c l o s e ( f i d ) ;
69
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70 o u t f i l e _ P = [ d i r e c t o r y , ’ _P . csv ’ ] ;
71 f i d = fopen ( o u t f i l e _ P , ’wt ’ ) ;
72 f p r i n t f ( f i d , h e ade r ) ;
73 f c l o s e ( f i d ) ;
74
75 o u t f i l e _ S = [ d i r e c t o r y , ’ _S . csv ’ ] ;
76 f i d = fopen ( o u t f i l e _ S , ’wt ’ ) ;
77 f p r i n t f ( f i d , h e ade r ) ;
78 f c l o s e ( f i d ) ;
79
80 o u t f i l e _ l a t = [ d i r e c t o r y , ’ _ l a t . c sv ’ ] ;
81 f i d = fopen ( o u t f i l e _ l a t , ’ wt ’ ) ;
82 f p r i n t f ( f i d , h e ade r ) ;
83 f c l o s e ( f i d ) ;
84
85 o u t f i l e _ l o n g = [ d i r e c t o r y , ’ _ long . csv ’ ] ;
86 f i d _ c = fopen ( o u t f i l e _ l o n g , ’wt ’ ) ;
87 f p r i n t f ( f i d_ c , h e ade r ) ;
88 f c l o s e ( f i d _ c ) ;
89
90 o u t f i l e _ P 1 = [ d i r e c t o r y , ’ _P1 . csv ’ ] ;
91 f i d _ c = fopen ( o u t f i l e _ P 1 , ’wt ’ ) ;
92 f p r i n t f ( f i d_ c , h e ade r ) ;
93 f c l o s e ( f i d _ c ) ;
94
95 % Add d a t a t o t h e d i r e c t o r y f i l e
96
31
97 d lmwr i t e ( o u t f i l e _C , C , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ; % t o w r i t e d a t a from ma t r i x t o t h e f i l e
98 d lmwr i t e ( o u t f i l e _ z , z , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ;
99 d lmwr i t e ( o u t f i l e _T , T , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ;
100 d lmwr i t e ( o u t f i l e _ P , P , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ;
101 d lmwr i t e ( o u t f i l e _ S , S , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ;
102 d lmwr i t e ( o u t f i l e _ l a t , l a t , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ;
103 d lmwr i t e ( o u t f i l e _ l o n g , long , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’
−append ’ ) ;
104 d lmwr i t e ( o u t f i l e _ P 1 , P1 , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ , 6 , ’−
append ’ ) ;
105
106 d i s p l a y ( ’ Program Ended S u c c e s s f u l l y ’ ) ;
3 Computation of sound speed and depth
1 %% To c a l c u l a t e sound speed and ocean dep th u s i ng World Ocean
C i r c u l a t i o n Exper imen t (WOCE) d a t a
2 f u n c t i o n [C , z , T , P , P1 , S , l a t , l ong ] = t e s t ( f i l e )
3 addpa th ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t
\ D e p t hC a l c u l a t i o n \ gsw_matlab_v3_06_7 ’ ) ;
4
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5 %% Ex t r a c t i n g l a t i t u d e
6
7 f i d = fopen ( f i l e , ’ r ’ ) ; % open and r e ad on ly t h e f i l e .
8
9 f o r i = 1 :15
10 i n p u t = f g e t l ( f i d ) ; % Re t u r n s t h e nex t l i n e o f t h e
s p e c i f i e d f i l e
11 end
12
13 i n p u t = f s c a n f ( f i d , ’%s%c%c%f ’ , 4 ) ;
14 l a t = i n p u t ( 1 1 ) ;
15 f c l o s e ( f i d ) ;
16
17 %% Ex t r a c t i n g l o n g i t u d e
18
19 f i d = fopen ( f i l e , ’ r ’ ) ; % open and r e ad on ly t h e f i l e .
20
21 f o r i = 1 :16
22 i n p u t = f g e t l ( f i d ) ; % Re t u r n s t h e nex t l i n e o f t h e
s p e c i f i e d f i l e
23 end
24
25 i n p u t = f s c a n f ( f i d , ’%s%c%c%f ’ , 5 ) ;
26 l ong = i n p u t ( 1 2 ) ;
27 f c l o s e ( f i d ) ;
28
29
33
30 %% Data E x t r a c t i o n
31
32 fmt = ’%f%f%f%f%f %∗[^\ n ] ’ ; % we need f i r s t f i v e columns
33 f i d = fopen ( f i l e , ’ r t ’ ) ; % r e ad t e x t f i l e
34 r e s u l t _ c e l l = t e x t s c a n ( f i d , fmt , ’ D e l im i t e r ’ , ’ , ’ , ’
C o l l e c tOu t p u t ’ , 1 , ’ h e a d e r l i n e s ’ , 20) ; %re ad row
35 f c l o s e ( f i d ) ;
36
37 %% Data Aq u i s i t i o n
38 P = r e s u l t _ c e l l { 1 } ( : , 1 ) ;
39 P1 = r e s u l t _ c e l l { 1 } ( : , 1 ) ∗ 0 . 1 ;
40 T = r e s u l t _ c e l l { 1 } ( : , 3 ) ;
41 S = r e s u l t _ c e l l { 1 } ( : , 5 ) ;
42 %% Replace −999 ( m i s s i ng d a t a p o i n t s ) by NaN
43
44 P ( P == 0) = NaN ;
45 T(T == 0) = NaN ;
46 S ( S == 0) = NaN ;
47 P1 ( P1 == 0) = NaN ;
48 %% Apply A s s e r t i o n
49 %%For t h e p r e s s u r e
50 P_MAX = 100000;
51 P_MIN = −50;
52 a s s e r t (max ( P ) < P_MAX) ;
53 a s s e r t ( min ( P ) > P_MIN) ;
54 %% For t h e s a l i n i t y
55 S_MAX = 50 ;
34
56 S_MIN = 0 ;
57 a s s e r t (max ( S ) < S_MAX) ;
58 a s s e r t ( min ( S ) > S_MIN) ;
59 %%For t h e t emp e r a t u r e
60 T_MAX = 50 ;
61 T_MIN = −50;
62 a s s e r t (max (T ) < T_MAX) ;
63 a s s e r t ( min (T ) > T_MIN) ;
64 %% Data Conve r s i on / Pre−p r o c e s s i n g
65
66 z = gsw_z_from_p ( P , l a t ) ; % C a l c u l a t i n g dep th u s i ng s ea p r e s s u r e
( which i s i n d e c i b a r ) . GSW t o o l box .
67
68 N = l e n g t h ( P ) ;
69
70 C = z e r o s (N, 1 , ’ doub l e ’ ) ;
71
72 % de f i n e a l l d e r i v e d c o e f f i c i e n t s
73
74 CW= ze r o s (N, 1 ) ;
75 A = z e r o s (N, 1 ) ;
76 B = z e r o s (N, 1 ) ;
77 D = z e r o s (N, 1 ) ;
78
79
80 f o r i = 1 :N
81 CW( i ) = calc_CW (T( i ) , P1 ( i ) ) ;
35
82 A( i ) = ca lc_A (T( i ) , P1 ( i ) ) ;
83 B( i ) = ca lc_B (T( i ) , P1 ( i ) ) ;
84 D( i ) = ca lc_D (T( i ) , P1 ( i ) ) ;
85 end
86 %% CALCULATE SOUND SPEED
87 % The speed of sound i n t h e ocean i s
88
89 C = CW + A.∗S + B . ∗ ( S . ^ ( 3 / 2 ) ) + D. ∗ ( S . ^ 2 ) ; % The UNESCO
equ a t i o n : Chen and M i l l e r o ( 1977 ) .
90 end
4 Resulting matrices from the computationThe sound speed, depth, longitude, latitude,
pressure, temperature and salinity data are given in the matrices below. The data shown here is
sample data for the Cruise (a08). Each number after a08 represents stations number.
The order of the matrices is as follows: ocean depth, latitude, longitude, pressure, temper-
ature, and salinity.
36
a08_165_00001_ct1.csva 8_166_00002_ct1.csva 8_167_00001_ct1.csva 8_168_00002_ct1.csva 8_169_00002_ct1.csva 8_170_00002_ct1.csva 8_17 _00004_ct1.csva 8_172_00003_ct1.csva 8_173_00004_ct1.csv
NaN NaN NaN NaN NaN NaN NaN NaN NaN
-1.98879 -1.98879 -1.98874 -1.98867 -1.98869 -1.98868 -1.98868 -1.98868 -1.98867
-3.97756 -3.97755 -3.97745 -3.97733 -3.97735 -3.97735 -3.97734 -3.97733 -3.97732
-5.96631 -5.9663 -5.96615 -5.96596 -5.966 -5.96599 -5.96598 -5.96597 -5.96596
-7.95504 -7.95503 -7.95482 -7.95458 -7.95463 -7.95462 -7.9546 -7.95459 -7.95457
-9.94375 -9.94374 -9.94348 -9.94318 -9.94324 -9.94323 -9.9432 -9.94318 -9.94316
-11.9324 -11.9324 -11.9321 -11.9318 -11.9318 -11.9318 -11.9318 -11.9318 -11.9317
-13.9211 -13.9211 -13.9207 -13.9203 -13.9204 -13.9204 -13.9204 -13.9203 -13.9203
-15.9098 -15.9097 -15.9093 -15.9088 -15.9089 -15.9089 -15.9089 -15.9089 -15.9088
-17.8984 -17.8984 -17.8979 -17.8974 -17.8975 -17.8975 -17.8974 -17.8974 -17.8973
-19.887 -19.887 -19.8865 -19.8859 -19.886 -19.886 -19.8859 -19.8859 -19.8858
-21.8756 -21.8756 -21.875 -21.8743 -21.8745 -21.8745 -21.8744 -21.8744 -21.8743
-23.8642 -23.8642 -23.8635 -23.8628 -23.863 -23.8629 -23.8629 -23.8628 -23.8628
-25.8528 -25.8527 -25.8521 -25.8513 -25.8514 -25.8514 -25.8513 -25.8513 -25.8512
-27.8413 -27.8412 -27.8405 -27.8397 -27.8398 -27.8398 -27.8398 -27.8397 -27.8396
-29.8298 -29.8298 -29.829 -29.8281 -29.8283 -29.8282 -29.8282 -29.8281 -29.828
-31.8183 -31.8183 -31.8174 -31.8165 -31.8167 -31.8166 -31.8166 -31.8165 -31.8164
-33.8068 -33.8067 -33.8059 -33.8048 -33.805 -33.805 -33.8049 -33.8049 -33.8048
-35.7952 -35.7952 -35.7943 -35.7932 -35.7934 -35.7934 -35.7933 -35.7932 -35.7931
-37.7837 -37.7836 -37.7827 -37.7815 -37.7817 -37.7817 -37.7816 -37.7815 -37.7815
-39.7721 -39.772 -39.771 -39.7698 -39.7701 -39.77 -39.7699 -39.7698 -39.7698
-41.7605 -41.7604 -41.7594 -41.7581 -41.7584 -41.7583 -41.7582 -41.7581 -41.758
-43.7489 -43.7488 -43.7477 -43.7464 -43.7466 -43.7466 -43.7465 -43.7464 -43.7463
-45.7373 -45.7372 -45.736 -45.7346 -45.7349 -45.7348 -45.7347 -45.7346 -45.7346
-47.7256 -47.7255 -47.7243 -47.7228 -47.7231 -47.7231 -47.723 -47.7229 -47.7228
-49.7139 -49.7139 -49.7126 -49.7111 -49.7114 -49.7113 -49.7112 -49.7111 -49.711
-51.7022 -51.7022 -51.7008 -51.6992 -51.6996 -51.6995 -51.6994 -51.6993 -51.6992
-53.6905 -53.6904 -53.6891 -53.6874 -53.6877 -53.6877 -53.6876 -53.6875 -53.6874
-55.6788 -55.6787 -55.6773 -55.6756 -55.6759 -55.6758 -55.6757 -55.6756 -55.6755
-57.667 -57.667 -57.6655 -57.6637 -57.6641 -57.664 -57.6639 -57.6637 -57.6636
-59.6553 -59.6552 -59.6537 -59.6518 -59.6522 -59.6521 -59.652 -59.6519 -59.6517
-61.6435 -61.6434 -61.6418 -61.6399 -61.6403 -61.6402 -61.6401 -61.64 -61.6398
-63.6317 -63.6316 -63.63 -63.628 -63.6284 -63.6283 -63.6282 -63.628 -63.6279
-65.6198 -65.6197 -65.6181 -65.616 -65.6164 -65.6164 -65.6162 -65.6161 -65.616
-67.608 -67.6079 -67.6062 -67.6041 -67.6045 -67.6044 -67.6043 -67.6041 -67.604
-69.5961 -69.596 -69.5942 -69.5921 -69.5925 -69.5924 -69.5923 -69.5922 -69.592
-71.5842 -71.5841 -71.5823 -71.5801 -71.5805 -71.5805 -71.5803 -71.5802 -71.58
-73.5723 -73.5722 -73.5703 -73.5681 -73.5685 -73.5684 -73.5683 -73.5681 -73.568
-75.5604 -75.5603 -75.5584 -75.556 -75.5565 -75.5564 -75.5562 -75.5561 -75.5559
-77.5485 -77.5483 -77.5464 -77.544 -77.5445 -77.5444 -77.5442 -77.544 -77.5439
-79.5365 -79.5364 -79.5344 -79.5319 -79.5324 -79.5323 -79.5321 -79.532 -79.5318
-81.5245 -81.5244 -81.5223 -81.5198 -81.5203 -81.5202 -81.52 -81.5199 -81.5197
-83.5125 -83.5124 -83.5103 -83.5077 -83.5082 -83.5081 -83.5079 -83.5077 -83.5076
-85.5005 -85.5004 -85.4982 -85.4955 -85.4961 -85.496 -85.4958 -85.4956 -85.4954
-87.4885 -87.4883 -87.4861 -87.4834 -87.4839 -87.4838 -87.4836 -87.4835 -87.4833
-89.4764 -89.4763 -89.474 -89.4712 -89.4718 -89.4717 -89.4715 -89.4713 -89.4711
(a) Ocean depth computed from pressure
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a08_165_00001_ct1.csva 8_166_00002_ct1.csva 8_167_00001_ct1.csva 8_168_00002_ct1.csva 8_169_00002_ct1.csva 8_170_00002_ct1.csva 8_17 _00004_ct1.csva 8_172_00003_ct1.csva 8_173_00004_ct1.csv
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
-8.274 -8.3333 -9.2482 -10.253 -10.06 -10.0975 -10.1642 -10.2268 -10.2877
(b) Latitude
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-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
-33.4628 -32.4978 -32.9983 -33.494 -35.749 -35.7042 -35.6103 -35.5345 -35.4368
(c) Longitude
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NaN NaN NaN NaN NaN NaN NaN NaN NaN
2 2 2 2 2 2 2 2 2
4 4 4 4 4 4 4 4 4
6 6 6 6 6 6 6 6 6
8 8 8 8 8 8 8 8 8
10 10 10 10 10 10 10 10 10
12 12 12 12 12 12 12 12 12
14 14 14 14 14 14 14 14 14
16 16 16 16 16 16 16 16 16
18 18 18 18 18 18 18 18 18
20 20 20 20 20 20 20 20 20
22 22 22 22 22 22 22 22 22
24 24 24 24 24 24 24 24 24
26 26 26 26 26 26 26 26 26
28 28 28 28 28 28 28 28 28
30 30 30 30 30 30 30 30 30
32 32 32 32 32 32 32 32 32
34 34 34 34 34 34 34 34 34
36 36 36 36 36 36 36 36 36
38 38 38 38 38 38 38 38 38
40 40 40 40 40 40 40 40 40
42 42 42 42 42 42 42 42 42
44 44 44 44 44 44 44 44 44
46 46 46 46 46 46 46 46 46
48 48 48 48 48 48 48 48 48
50 50 50 50 50 50 50 50 50
52 52 52 52 52 52 52 52 52
54 54 54 54 54 54 54 54 54
56 56 56 56 56 56 56 56 56
58 58 58 58 58 58 58 58 58
60 60 60 60 60 60 60 60 60
62 62 62 62 62 62 62 62 62
64 64 64 64 64 64 64 64 64
66 66 66 66 66 66 66 66 66
68 68 68 68 68 68 68 68 68
70 70 70 70 70 70 70 70 70
72 72 72 72 72 72 72 72 72
74 74 74 74 74 74 74 74 74
76 76 76 76 76 76 76 76 76
78 78 78 78 78 78 78 78 78
80 80 80 80 80 80 80 80 80
82 82 82 82 82 82 82 82 82
84 84 84 84 84 84 84 84 84
86 86 86 86 86 86 86 86 86
88 88 88 88 88 88 88 88 88
90 90 90 90 90 90 90 90 90
(c) Pressure
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28.5956 28.4544 28.4968 28.8218 28.8637 28.7035 28.7867 28.4242 29.0142
28.6007 28.4475 28.5638 28.8269 28.8465 28.9499 28.8953 28.8096 29.0541
28.603 28.4448 28.5811 28.8304 28.8712 28.9961 28.9261 28.916 29.0825
28.603 28.4434 28.5869 28.8312 28.9222 29.0016 28.9247 28.9247 29.0722
28.6046 28.4428 28.5899 28.8308 28.9054 28.9978 28.9225 28.9269 29.0177
28.6055 28.4402 28.5923 28.8252 28.6738 28.959 28.9265 28.9234 28.9746
28.6052 28.428 28.5935 28.8131 28.5899 28.856 28.931 28.9253 28.946
28.6046 28.4105 28.5937 28.8071 28.5436 28.7513 28.9318 28.9278 28.9335
28.6072 28.3985 28.5932 28.803 28.5129 28.7192 28.9323 28.9291 28.9291
28.6088 28.3867 28.593 28.8019 28.4859 28.7136 28.9272 28.9289 28.9275
28.6081 28.3812 28.5932 28.8018 28.4682 28.7072 28.9064 28.9282 28.9255
28.6061 28.3781 28.5934 28.8023 28.4177 28.7034 28.8873 28.9278 28.9229
28.6055 28.3758 28.5939 28.8027 28.3833 28.67 28.8594 28.9283 28.9212
28.6057 28.3742 28.5943 28.803 28.3372 28.5894 28.8104 28.9292 28.9197
28.6066 28.3735 28.5949 28.8033 28.311 28.5335 28.76 28.929 28.9178
28.6076 28.3733 28.5951 28.8034 28.2675 28.4939 28.7293 28.9236 28.9161
28.6083 28.3731 28.5947 28.8037 28.1665 28.3782 28.7063 28.907 28.913
28.6086 28.3729 28.594 28.8038 28.0029 28.1506 28.6797 28.8734 28.9062
28.6088 28.3729 28.5915 28.8034 27.8753 27.937 28.6072 28.8342 28.8977
28.609 28.373 28.5906 28.8026 27.8209 27.8021 28.5374 28.8056 28.8819
28.6103 28.3728 28.5899 28.8024 27.76 27.7148 28.5231 28.8148 28.852
28.6122 28.3731 28.5812 28.8023 27.6247 27.6414 28.5318 28.8466 28.8306
28.6127 28.3735 28.5753 28.802 27.4235 27.5338 28.532 28.8373 28.8579
28.6088 28.3734 28.5732 28.8019 27.2025 27.4043 28.3795 28.8152 28.9086
28.6002 28.3729 28.5696 28.8017 27.0267 27.3248 28.1497 28.7972 28.9011
28.592 28.3726 28.5658 28.8008 26.8359 27.3172 27.9668 28.783 28.855
28.5798 28.3721 28.5606 28.7994 26.4158 27.3138 27.7343 28.7459 28.7961
28.5497 28.3707 28.5513 28.7959 25.8401 27.2936 27.4661 28.6914 28.6813
28.483 28.3675 28.5174 28.7852 25.585 27.1749 27.1566 28.5957 28.542
28.3634 28.3633 28.4414 28.7732 25.5447 26.9641 26.8401 28.2701 28.3746
28.228 28.3485 28.3648 28.7576 25.4752 26.6931 26.647 28.0199 28.0883
28.0918 28.3131 28.2756 28.7345 25.3923 26.4092 26.5581 27.7898 27.734
27.8926 28.2687 28.2251 28.6679 25.3122 26.2674 26.4941 27.428 27.4818
27.6903 28.2271 28.2217 28.5966 25.2339 26.1722 26.4104 27.0537 27.3394
27.439 28.1896 28.2207 28.5437 25.197 26.0835 26.3199 26.8181 27.1203
27.2928 28.1034 28.182 28.51 25.1771 25.986 26.2226 26.702 26.8548
27.2662 27.796 28.0489 28.4303 25.1413 25.8661 26.0893 26.46 26.6737
27.1944 27.3071 27.7753 28.3456 25.0466 25.7649 25.9826 26.2627 26.5686
27.0264 26.8139 27.4341 28.2539 24.9105 25.5929 25.8771 26.1802 26.4104
26.8734 26.527 27.2434 28.171 24.7496 25.2746 25.7518 26.0688 26.2188
26.717 26.3865 27.1614 27.9241 24.6597 25.0115 25.6676 25.9463 26.0487
26.4902 26.2915 26.9898 27.7316 24.6126 24.8617 25.5632 25.8371 25.8867
26.3124 26.2288 26.7409 27.5239 24.3224 24.7063 25.45 25.7657 25.7984
26.2291 26.1037 26.4084 27.1943 23.8346 24.548 25.3514 25.7252 25.7146
26.1742 25.9476 26.124 26.9494 23.6317 24.4772 25.216 25.7235 25.6339
26.1262 25.8861 26.0142 26.706 23.6021 24.462 25.067 25.6908 25.5866
(c) Temperature
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36.5017 36.6298 36.6655 36.8795 36.5661 37.0229 37.0998 37.0488 37.0373
36.5239 36.6609 36.7389 36.8712 36.8761 37.036 37.073 37.0655 37.0739
36.5434 36.671 36.7525 36.8696 36.9772 37.0373 37.0628 37.0689 37.0795
36.5549 36.6756 36.7523 36.8698 36.9927 37.0372 37.0619 37.0688 37.0778
36.5663 36.6785 36.7526 36.8696 36.9941 37.036 37.0619 37.0686 37.0772
36.5722 36.6797 36.7533 36.8693 36.9908 37.0271 37.0619 37.0685 37.0784
36.58 36.6799 36.754 36.8689 36.9924 37.0134 37.0619 37.0683 37.0774
36.5894 36.6802 36.7547 36.8686 37.008 37.0153 37.0618 37.068 37.0769
36.5932 36.6809 36.7543 36.8691 37.0226 37.0257 37.0621 37.0678 37.077
36.5959 36.6822 36.754 36.8691 37.0395 37.0313 37.0627 37.0674 37.0772
36.5987 36.6828 36.7539 36.869 37.0533 37.0427 37.0645 37.0674 37.0773
36.6012 36.6833 36.7541 36.8692 37.0963 37.0667 37.0661 37.0676 37.0774
36.6034 36.684 36.7545 36.8692 37.122 37.1055 37.0711 37.0674 37.0773
36.6056 36.6846 36.7547 36.8692 37.1386 37.1522 37.0844 37.0674 37.0772
36.6073 36.685 36.7552 36.8693 37.1489 37.1794 37.1024 37.0675 37.077
36.6089 36.6855 36.7549 36.8697 37.1633 37.1924 37.1433 37.0673 37.0768
36.6105 36.6857 36.7548 36.8695 37.1725 37.1966 37.2205 37.0678 37.0767
36.6121 36.6859 36.7555 36.8694 37.1743 37.1906 37.2399 37.0726 37.0766
36.6134 36.6862 36.7582 36.8693 37.175 37.1849 37.237 37.0846 37.0763
36.6144 36.6864 36.7591 36.8695 37.1751 37.1819 37.2408 37.1167 37.0759
36.6153 36.6867 36.7595 36.8696 37.1741 37.1815 37.2501 37.1876 37.0803
36.6162 36.6872 36.7638 36.8699 37.1735 37.1809 37.259 37.254 37.1043
36.6169 36.6874 36.7665 36.8706 37.1739 37.1801 37.2691 37.298 37.1714
36.6176 36.6876 36.7675 36.8712 37.1744 37.1794 37.2677 37.3044 37.2541
36.6187 36.688 36.7693 36.8717 37.1755 37.1795 37.2386 37.3155 37.2959
36.6199 36.6884 36.771 36.8725 37.1758 37.1795 37.2138 37.3238 37.3056
36.6218 36.6889 36.7728 36.8731 37.1622 37.1792 37.1983 37.3258 37.3102
36.6265 36.6897 36.7744 36.876 37.1367 37.1787 37.1888 37.3231 37.3089
36.6369 36.6909 36.7765 36.8904 37.1317 37.1781 37.1812 37.3141 37.299
36.6615 36.6927 36.7782 36.9023 37.1385 37.1763 37.1826 37.2793 37.2833
36.6991 36.6985 36.7797 36.9107 37.1348 37.1729 37.1835 37.2552 37.2551
36.742 36.7102 36.7861 36.9169 37.1289 37.1751 37.1817 37.2379 37.2219
36.7927 36.7254 36.7972 36.9286 37.1196 37.177 37.1809 37.2143 37.2017
36.8179 36.742 36.818 36.9361 37.1086 37.1721 37.185 37.1974 37.1959
36.8205 36.754 36.8273 36.9401 37.1066 37.1676 37.1984 37.1917 37.1857
36.8268 36.7715 36.828 36.9497 37.1057 37.1645 37.2086 37.1921 37.1668
36.8323 36.81 36.8323 37.0028 37.1016 37.1558 37.2131 37.2013 37.1601
36.8395 36.837 36.8865 37.0378 37.0897 37.1498 37.2138 37.2074 37.1664
36.8498 36.8369 36.985 37.0527 37.0716 37.1408 37.2127 37.2087 37.1615
36.8546 36.8438 37.0246 37.0581 37.0525 37.1138 37.2123 37.206 37.1542
36.858 36.8568 37.0168 37.0665 37.0448 37.0874 37.2094 37.2019 37.1608
36.8738 36.8695 36.9956 37.0701 37.0406 37.0717 37.2 37.2037 37.1832
36.8889 36.8783 36.9711 37.077 37.0022 37.0567 37.1942 37.2086 37.2046
36.8948 36.8897 36.9433 37.093 36.9397 37.0398 37.189 37.2198 37.2244
36.9042 36.9041 36.9334 37.1011 36.9183 37.0311 37.1699 37.2325 37.2384
36.9312 36.9077 36.9443 37.0968 36.9169 37.0294 37.141 37.2439 37.2509
(c) Salinity
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5 Computation of minimum sound speed and minimum depth
1 %% CODE: To c a l c u l a t e z_min , c_min , Cnan , Znan , Lonan , Lnan of
a l l t h e f i l e s i n s i d e t h e g iven d i r e c t o r y .
2 c l e a r
3 c l c
4 c l o s e a l l ;
5
6 cd ( ’ / Use r s / mukhs / Documents /MATLAB/My Data / D e p t hC a l c u l a t i o n /
Data2 / newone / ’ )
7 r = d i r ( ’ s∗_ct1_C . csv ’ ) ;
8
9 f o r i = 1 : l e n g t h ( r ) % us i ng loop f o r a l l c r u i s e s
10 %% Disp l ay name
11 i
12 r ( i ) . name
13 %% F i l e open
14 f i d = fopen ( r ( i ) . name , ’ r ’ ) ;% To w r i t e head ing o f
i n d i v i d u a l f i l e s i n t h e o u t p u t
15 heade r = [ f g e t l ( f i d ) , ’ \ n ’ ] ;% / n h e l p s t o go from f i r s t ,
s econd and a l l h e ade r
16 f c l o s e ( f i d ) ; % To c l o s e t h e heade r f i l e s
17
18 %% Load t h e d a t a
19
20 z = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ z . c sv ’ ] , ’ , ’ , 1 , 0 ) ; %
dlmread s t a r t s r e a d i n g a t row o f f s e t R1 and coulumn
o f f s e t C1 . R1 = 1 imp l i e s s k i p f i r s t row and C1 = 0
43
im p l i e s no t t o s k i p f i r s t column .
21 c = dlmread ( [ r ( i ) . name ( 1 : end −5) ’C . csv ’ ] , ’ , ’ , 1 , 0 ) ;
22 T = dlmread ( [ r ( i ) . name ( 1 : end −5) ’T . csv ’ ] , ’ , ’ , 1 , 0 ) ;
23 S = dlmread ( [ r ( i ) . name ( 1 : end −5) ’S . csv ’ ] , ’ , ’ , 1 , 0 ) ;
24 P = dlmread ( [ r ( i ) . name ( 1 : end −5) ’P . csv ’ ] , ’ , ’ , 1 , 0 ) ;
25 Lm = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ l a t . c sv ’ ] , ’ , ’ , 1 , 0 ) ;
26 Lom = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ l ong . csv ’ ] , ’ , ’ , 1 , 0 ) ;
27
28 Zm = z ;
29 Cm = c ;
30 Tm = T ;
31 %% REPLACE ZERO BY NAN
32
33 P ( P == 0) = NaN ;
34 S ( S == 0) = NaN ;
35 T(T == 0) = NaN ;
36 %% USE FOR THE COLOR PLOT
37 Lm(Lm == 0) = NaN ;
38 Lom(Lom == 0) = NaN ;
39 Zm(Zm == 0) = NaN ;
40 Cm(Cm == 0) = NaN ;
41 Tm(Tm == 0) = NaN ;
42 z ( z ==0)= NaN ;
43 c ( c ==0)= NaN ;
44 l 1 = Lm( 1 , : ) ;
45 l o1 = Lom ( 1 , : ) ;
46 %numrow and numcolumn r e p r e s e n t s t h e number o f columns and
44
number o f rows i n t h e ma t r i x c .
47 %s i z e ( c ) r e t u r n s t h e number o f rows
48 %and columns when c i s a ma t r i x
49
50 %% f i n d cmin AND zmin wr t cmin
51 [ numrow , numcolumn ] = s i z e ( c ) ;
52 [ cmin , i c ] = min ( c , [ ] , 1 ) ; % minimum va l u e s o f each column
of c and e x p r e s s i n a row v e c t o r
53 i n d c = i c + ( 0 : numcolumn −1) ∗ numrow ;% i c i s t h e p o s i t i o n
o f cmin : i ndc g i v e s t h e c o r r e c t p o s i t i o n o f t h e min
va l u e .
54 zmin = z ( i ndc ) ; % v a l u e s o f Zmin w. r . t p o s i t i o n o f Cmin .
55 cmin1 = cmin ;
56 zmin1 = zmin ;
57 %% Compute zmin
58 [ numrow , numcolumn ] = s i z e ( z ) ;
59 [ zmin , i z ] = min ( z , [ ] , 1 ) ; % Remove minimum da t a p o i n t
from t h e p l o t which i s no t i n t h e minimum p o s i t i o n
60 i n d z = i z + ( 0 : numcolumn −1) ∗ numrow ;
61 %% Exclude t h o s e d a t a p o i n t s where d i f f e r e n c e i s l e s s t h an
500 mete r
62
63 i nd0 = f i n d ( abs ( z ( i ndc ) − z ( i ndz ) < 500) ) ;
64
65 %% Replace by NaN
66 cmin1 ( ind0 ) = NaN ;
67 zmin1 ( ind0 ) = NaN ;
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68 l 1 ( i nd0 ) = NaN ;
69 l o1 ( ind0 ) = NaN ;
70
71 %% Find Tmin , Pmin and Smin W.R . T CMIN
72 Tmin = T( i ndc ) ;
73 Smin = S ( i ndc ) ;
74 Pmin = P ( i ndc ) ;
75
76 Tmin ( ind0 ) = NaN ;
77 Pmin ( ind0 ) = NaN ;
78 Smin ( ind0 ) = NaN ;
79 %% Save minimum dep th
80 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’ zmin1 . csv ’ ] ;
81 f i d = fopen ( f i l ename , ’wt ’ ) ;
82 f p r i n t f ( f i d , h e ade r ) ;
83 f c l o s e ( f i d ) ;
84
85 d lmwr i t e ( f i l ename , zmin1 , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’
, 6 , ’−append ’ ) ; % t o w r i t e d a t a from ma t r i x t o t h e
f i l e
86 %% Save minimium speed
87 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’ cmin1 . csv ’ ] ;
88 f i d = fopen ( f i l ename , ’wt ’ ) ;
89 f p r i n t f ( f i d , h e ade r ) ;
90 f c l o s e ( f i d ) ;
91
92 d lmwr i t e ( f i l ename , cmin1 , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’
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, 6 , ’−append ’ ) ; % t o w r i t e d a t a from ma t r i x t o t h e
f i l e
93 %% Save l o n g i t u d e as a v e c t o r a f t e r a p p l y i n g min
c o n d i t i o n s
94 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’ l o1 . csv ’ ] ;
95 f i d = fopen ( f i l ename , ’wt ’ ) ;
96 f p r i n t f ( f i d , h e ade r ) ;
97 f c l o s e ( f i d ) ;
98
99 d lmwr i t e ( f i l ename , l o1 , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
100 %% Save l a t i t u d e as a v e c t o r a f t e r a p p l y i n g minimum
c o n d i t i o n s
101 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’ l 1 . c sv ’ ] ;
102 f i d = fopen ( f i l ename , ’wt ’ ) ;
103 f p r i n t f ( f i d , h e ade r ) ;
104 f c l o s e ( f i d ) ;
105
106 d lmwr i t e ( f i l ename , l1 , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
107 %% Save minimum temp
108 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’Tmin . csv ’ ] ;
109 f i d = fopen ( f i l ename , ’wt ’ ) ;
110 f p r i n t f ( f i d , h e ade r ) ;
111 f c l o s e ( f i d ) ;
112
113 d lmwr i t e ( f i l ename , Tmin , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
47
6 , ’−append ’ ) ;
114 %% Save minimum S a l i n i t y
115 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’ Smin . csv ’ ] ;
116 f i d = fopen ( f i l ename , ’wt ’ ) ;
117 f p r i n t f ( f i d , h e ade r ) ;
118 f c l o s e ( f i d ) ;
119
120 d lmwr i t e ( f i l ename , Smin , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
121 %% Save minimum p r e s s u r e
122 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’ Pmin . csv ’ ] ;
123 f i d = fopen ( f i l ename , ’wt ’ ) ;
124 f p r i n t f ( f i d , h e ade r ) ;
125 f c l o s e ( f i d ) ;
126
127 d lmwr i t e ( f i l ename , Pmin , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
128 %% Save l a t i t u d e w i t h ou t a p p l y i n g c o n d i t i o n
129 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’Lm. csv ’ ] ;
130 f i d = fopen ( f i l ename , ’wt ’ ) ;
131 f p r i n t f ( f i d , h e ade r ) ;
132 f c l o s e ( f i d ) ;
133
134 d lmwr i t e ( f i l ename , Lm, ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
135 %% Save l o n g i t u d e w i t h ou t a p p l y i n g c o n d i t i o n
136 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’Lom . csv ’ ] ;
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137 f i d = fopen ( f i l ename , ’wt ’ ) ;
138 f p r i n t f ( f i d , h e ade r ) ;
139 f c l o s e ( f i d ) ;
140
141 d lmwr i t e ( f i l ename , Lom , ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
142 %% Save speed w i t h ou t a p p l y i n g c o n d i t i o n
143 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’Cm. csv ’ ] ;
144 f i d = fopen ( f i l ename , ’wt ’ ) ;
145 f p r i n t f ( f i d , h e ade r ) ;
146 f c l o s e ( f i d ) ;
147
148 d lmwr i t e ( f i l ename , Cm, ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
149 %% Save Depth w i t h ou t a p p l y i n g c o n d i t i o n
150 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’Zm. csv ’ ] ;
151 f i d = fopen ( f i l ename , ’wt ’ ) ;
152 f p r i n t f ( f i d , h e ade r ) ;
153 f c l o s e ( f i d ) ;
154
155 d lmwr i t e ( f i l ename , Zm, ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
156 %% Save Depth w i t h ou t a p p l y i n g c o n d i t i o n
157 f i l e n ame = [ r ( i ) . name ( 1 : end −5) , ’Tm. csv ’ ] ;
158 f i d = fopen ( f i l ename , ’wt ’ ) ;
159 f p r i n t f ( f i d , h e ade r ) ;
160 f c l o s e ( f i d ) ;
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161
162 d lmwr i t e ( f i l ename , Tm, ’ d e l i m i t e r ’ , ’ , ’ , ’ p r e c i s i o n ’ ,
6 , ’−append ’ ) ;
163 end
164
165 d i s p l a y ( ’ Program Ended S u c c e s s f u l l y ’ ) ;
6 Display of sea floor topology
1 %% Code : P l o t t h e s e a f l o o r t o po l ogy and sound speed p r o f i l e s
2
3 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n ’ )
4 %% load t h e d a t a
5 l o ad ( ’ A08_ f i n a l . mat ’ , ’−mat ’ )
6 %% Long and l a t p l o t
7 l o =a08c t1Lonan1 ;
8 l a =a08c t1Lnan ;
9 %% Color p l o t
10 Lom = a08c t1Lonan ;
11 Lm = a08c t1Lnan1 ;
12 Zm = a08c t1Znan ;
13 Cm = a08ct1Cnan ;
14 lom = a08c t1Lonan1 ;
15 zmin = a08c t1zmin ;
16 lm = a08c t1Lnan ;
17 f i g u r e ( 1 ) ;
18 p c o l o r (Lom ,Zm,Cm) ;
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19 a x i s t i g h t ;
20 ho ld on ;
21 p l o t ( lom , zmin , ’ .w’ ) ; ho ld on ;
22 x l a b e l ( ’ l o n g i t u d e ’ )
23 y l a b e l ( ’ Depth ( me te r ) ’ )
24 a x i s t i g h t
25 s h ad i ng f l a t ;
26 co lormap ( j e t ) ;
27 h = c o l o r b a r ;
28 y l a b e l ( h , ’ Sound speed (m/ s ) ’ )
29 %% Use d a t a from Geomap a p p l i c a t i o n
30 h1 = a08zoom1 ; % h1 = l o n g i t u d e
31 h2 = a08zoom2 ; % h2 = E l e v a t i o n
32 f i g u r e ( 1 ) ; p l o t ( h1 , h2 , ’−k ’ ) ;
33 %% Se t symbol deg r e e i n each va l u e i n x l a b e l
34 x t = g e t ( gca , ’ x t i c k ’ ) ;
35 f o r k =1: numel ( x t ) ;
36 x t1 {k}= s p r i n t f ( ’%dÂř ’ , x t ( k ) ) ;
37 end
38 s e t ( gca , ’ x t i c k l a b e l ’ , x t 1 ) ;
39 %% Se t symbol deg r e e i n each va l u e i n y l a b e l
40 y t = g e t ( gca , ’ y t i c k ’ ) ;
41 f o r k =1: numel ( y t ) ;
42 y t1 {k}= s p r i n t f ( ’%dÂř ’ , y t ( k ) ) ;
43 end
44 s e t ( gca , ’ y t i c k l a b e l ’ , y t 1 ) ;
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7 Display of sound speed minimum along latitude
1 %%CODE: h e l p s t o c r e a t e t h e g raph of a l l Z_min and C_min vs
l o n g i t u d e o f t h e ocean . We a r e go ing t o save t h e o u t p u t
f i l e s i n t h e d i r : Data2 .
2 c l e a r
3 c l c
4 c l o s e a l l ;
5 f l a g p l o t _ cm i n = 1 ; % p l o t o f c_min
6 f l a g p l o t _ zm i n = 1 ; % p l o t o f z_min
7 f l a g p l o t _ c o l o r = 1 ; % COLOR p l o t
8
9 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n \ Data2 \ newone ’ )
10 r = d i r ( ’ a22_ct1_C . csv ’ ) ; % P l o t f o r a l l c r u i s e s i n s i d e t h e
d i r e c t o r y Data2 .
11 f o r i = 1 : l e n g t h ( r ) % us i ng loop f o r a l l c r u i s e
12 i
13 %% load t h e d a t a
14 l o = d lmread ( [ r ( i ) . name ( 1 : end −5) ’Lom . csv ’ ] , ’ , ’ , 1 , 0 ) ;
15 l a = d lmread ( [ r ( i ) . name ( 1 : end −5) ’Lm. csv ’ ] , ’ , ’ , 1 , 0 ) ; %
Read . csv f i l e s s t a r t t o end−5 c h a r a c t e r .
16 z = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Zm. csv ’ ] , ’ , ’ , 1 , 0 ) ; %
load dep th f i l e s
17 c = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Cm. csv ’ ] , ’ , ’ , 1 , 0 ) ; %
load speed f i l e s
18 l o = d lmread ( [ r ( i ) . name ( 1 : end −5) ’ l o1 . csv ’ ] , ’ , ’ , 1 , 0 ) ;
19 zmin = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ zmin1 . csv ’ ] , ’ , ’ , 1 , 0 )
52
;20 cmin = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ cmin1 . csv ’ ] , ’ , ’ , 1 , 0 )
;
21
22 l = l a ( 1 , : ) ; % E x t r a c t on ly t h e f i r s t row of t h e ma t r i x .
23
24 %% p l o t cmin
25 i f f l a g p l o t _ cm i n == 1
26
27 f i g u r e ( 1 ) ; ho ld on ;
28 p l o t ( lom , cmin , ’ . ’ ) ;
29 y l a b e l ( ’min C (m/ s ) ’ )
30 x l a b e l ( ’ l a t i t u d e ( deg r e e ) ’ )
31
32 box on
33 end
34 %% p l o t zmin
35 i f f l a g p l o t _ zm i n == 1
36
37 f i g u r e ( 2 ) ;
38 p l o t ( lom , zmin , ’ . ’ ) ; ho ld on ;
39 y l a b e l ( ’min z (m) ’ )
40 x l a b e l ( ’ l a t i t u d e ( deg r e e ) ’ )
41 yl im ([ −2200 , 0 ] )
42
43 box on ;
44 end
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45 i f f l a g p l o t _ c o l o r == 1
46
47 L = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Lm. csv ’ ] , ’ , ’ , 1 , 0 ) ; % Read
. csv f i l e s s t a r t t o end−5 c h a r a c t e r .
48 Z = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Zm. csv ’ ] , ’ , ’ , 1 , 0 ) ;
49 C = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Cm. csv ’ ] , ’ , ’ , 1 , 0 ) ;
50 Lo = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Lom . csv ’ ] , ’ , ’ , 1 , 0 ) ;
51
52 f i g u r e ( i +2) ;
53 %% Color p l o t
54 p c o l o r (L , Z ,C) ;
55 ho ld on ;
56 p l o t ( l , zmin , ’ .w’ ) ;
57 x l a b e l ( ’ Long i t ude ’ )
58 y l a b e l ( ’ Depth ( me te r ) ’ )
59 a x i s t i g h t
60 s h ad i ng f l a t ;
61 pb a s p e c t ( [ 4 2 1 ] ) ;
62 co lormap ( j e t ) ;
63 h = c o l o r b a r ;
64 y l a b e l ( h , ’ Sound speed (m/ s ) ’ )
65 %% I n s e r t d eg r e e i n t h e number
66 x t = g e t ( gca , ’ x t i c k ’ ) ;
67 f o r k =1: numel ( x t ) ;
68 x t1 {k}= s p r i n t f ( ’%dÂř ’ , x t ( k ) ) ;
69 end
70 s e t ( gca , ’ x t i c k l a b e l ’ , x t 1 ) ;
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71 c a x i s ( [ cmin cmax ] ) ;
72 s a v e a s ( gcf , [ ’ p i c _ s o u t h / ’ , r ( i ) . name ( 1 : end −5) , ’ cmin . f i g ’ ] ) ;
73
74 end
75 end
8 Fitting of sound speed minimum
Here we consider an example of the Atlantic Ocean
1 %% Polynomia l f i t t i n g f o r t h e A t l a n t i c Ocean . You can f o l l ow
t h e s i m i l a r p r o c edu r e f o r t h e remaing oceans
2 c l c ;
3 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n ’ )
4 %% Load t h e d a t a p o i n t s : D i f f e r e n t oceans
5 l o ad ( ’ a t l a n t i c _m i n . mat ’ , ’−mat ’ )
6 %% Con c a n i t a t e a l l
7 l a = l a t o t a l A 3 ;
8 cmin = cmin t o t a lA3 ;
9 l a ( i s n a n ( l a ) ) = [ ] ;
10 cmin ( i s n a n ( cmin ) ) = [ ] ;
11 %% P l o t cm i n _ a t l a n t i c
12 f i g u r e ( 1 ) ;
13 p l o t ( l a t o t a lA3 , cmin to t a lA3 , ’ ^ ’ , ’ marke r s ’ , 4 , ’ MarkerEdgeColor ’ ,
’ none ’ , ’ MarkerFaceColo r ’ , ’ b l a c k ’ ) ; ho ld on ;
14 %% I n s e r t d eg r e e i n t h e number
15 x t = g e t ( gca , ’ x t i c k ’ ) ;
16 f o r k =1: numel ( x t ) ;
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17 x t1 {k}= s p r i n t f ( ’%dÂř ’ , x t ( k ) ) ;
18 end
19 s e t ( gca , ’ x t i c k l a b e l ’ , x t 1 ) ;
20 %% Polynomia l f i t o f zmin (minimum dep th )
21 x = l a ( : , 1 : 4 7 4 8 ) ;
22 y = cmin ( : , 1 : 4 7 4 8 ) ;
23 p = p o l y f i t ( x , y , 5 ) ;
24 x2 = −68 : . 1 : 7 5 ;
25 y2 = po l y v a l ( p , x2 ) ;
26 f i g u r e ( 1 ) ; p l o t ( x2 , y2 , ’− r ’ )
27 x l a b e l ( ’ L a t i t u d e ’ )
28 y l a b e l ( ’ Sound speed (m/ s ) ’ )
29 g r i d on ;
30 box on ;
31 a x i s t i g h t ;
32 pb a s p e c t ( [ 4 2 1 ] ) ;
9 Variation of minimum depth with latitude
1 %% Polynomia l f i t f o r t h e minimum dep th f o r t h e A t l a n t i c Oceann
2 c l c ;
3 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n ’ )
4 %% Load t h e d a t a p o i n t s : D i f f e r e n t oceans
5 l o ad ( ’ a t l a n t i c _m i n . mat ’ , ’−mat ’ )
6 %% Con c a n i t a t e a l l
7 l a = l a t o t a l A 3 ;
8 zmin = zmin t o t a lA3 ;
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9 l a ( i s n a n ( l a ) ) = [ ] ;
10 zmin ( i s n a n ( zmin ) ) = [ ] ;
11 %% P l o t cm i n _ a t l a n t i c
12 f i g u r e ( 1 ) ;
13 p l o t ( l a t o t a lA3 , zmin to t a lA3 , ’ ^ ’ , ’ marke r s ’ , 4 , ’ MarkerEdgeColor ’ ,
’ none ’ , ’ MarkerFaceColo r ’ , ’ b l a c k ’ ) ; ho ld on ;
14 %% I n s e r t d eg r e e i n t h e number
15 x t = g e t ( gca , ’ x t i c k ’ ) ;
16 f o r k =1: numel ( x t ) ;
17 x t1 {k}= s p r i n t f ( ’%dÂř ’ , x t ( k ) ) ;
18 end
19 s e t ( gca , ’ x t i c k l a b e l ’ , x t 1 ) ;
20 %% POLYNOMIAL FIT OF ZMIN
21 x = l a ( : , 1 : 4 7 4 8 ) ;
22 y = zmin ( : , 1 : 4 7 4 8 ) ;
23 p = p o l y f i t ( x , y , 5 ) ;
24 x2 = −68 : . 1 : 7 5 ;
25 y2 = po l y v a l ( p , x2 ) ;
26 f i g u r e ( 1 ) ; p l o t ( x2 , y2 , ’− r ’ )
27 x l a b e l ( ’ L a t i t u d e ’ )
28 y l a b e l ( ’ Depth (m) ’ )
29 g r i d on
30 box on
31 pb a s p e c t ( [ 4 2 1 ] ) ;
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10 Plot of WOCE stations in the world ocean
1 %% Mapping ou t WOCE s t a t i o n s i n t h e g lobe
2 %%
3 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n ’ )
4 %% Load t h e d a t a
5 l o ad ( ’ p a c i f i c _m i n . mat ’ , ’−mat ’ )
6 l o ad ( ’ sou the rn_min . mat ’ , ’−mat ’ )
7 l o ad ( ’ i nd i an_min . mat ’ , ’−mat ’ )
8 l o ad ( ’ a t l a n t i c _m i n . mat ’ , ’−mat ’ )
9 %% Load wor ld map
10 l o ad geo id
11
12 %% P l o t l a n d s c a p e
13
14 f i g u r e ( 1 )
15 geoshow ( ’ l a n d a r e a s . shp ’ , ’ FaceCo lo r ’ , [ 2 2 8 , 2 55 , 2 28 ] / 2 55 ) ; ho ld
on ;
16 %% P l o t l o c a t i o n o f t h e s t a t i o n s
17 f i g u r e ( 1 ) ;
18 p l o t 3 ( l o t o t a lA3 , l a t o t a lA3 , zmin to t a lA3 , ’ ^ ’ , ’ marke r s ’ , 4 , ’
MarkerEdgeColor ’ , ’ none ’ , ’ Marke rFaceColo r ’ , ’ b l a c k ’ ) ; ho ld on ;
19 p l o t 3 ( l o t o t a l P 1 , l a t o t a l P 1 , cm in t o t a l P1 , ’ d ’ , ’ marke r s ’ , 4 , ’
MarkerEdgeColor ’ , ’ none ’ , ’ Marke rFaceColo r ’ , ’ b l u e ’ ) ; ho ld on ;
20 p l o t 3 ( l o t o t a l I , l a t o t a l I , zm i n t o t a l I , ’ s ’ , ’ marke r s ’ , 4 , ’
MarkerEdgeColor ’ , ’ none ’ , ’ Marke rFaceColo r ’ , ’ r ed ’ ) ; ho ld on ;
21 p l o t 3 ( l o t o t a l S 1 , l a t o t a l S 1 , zm in t o t a l S1 , ’ o ’ , ’ marke r s ’ , 4 , ’
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MarkerEdgeColor ’ , ’ none ’ , ’ Marke rFaceColo r ’ , ’ g r e en ’ ) ; ho ld on ;
22 x l a b e l ( ’ Long i t ude ’ ) ;
23 y l a b e l ( ’ L a t i t u d e ’ ) ;
24
25 a x i s t i g h t ;
26 g r i d on ;
27 box on ;
28 %% Apply deg r e e i n t h e l o n g i t u d e
29 x t = g e t ( gca , ’ x t i c k ’ ) ;
30 f o r k =1: numel ( x t ) ;
31 x t1 {k}= s p r i n t f ( ’%dÂř ’ , x t ( k ) ) ;
32 end
33 s e t ( gca , ’ x t i c k l a b e l ’ , x t 1 ) ;
34
35 %% Apply deg r e e i n t h e l a t i t u d e
36 y t = g e t ( gca , ’ y t i c k ’ ) ;
37 f o r k =1: numel ( y t ) ;
38 y t1 {k}= s p r i n t f ( ’%dÂř ’ , y t ( k ) ) ;
39 end
40 s e t ( gca , ’ y t i c k l a b e l ’ , y t 1 ) ;
11 Plot of variations of axial speed and depth in the world ocean
1
2 %% Code de s i gn ed t o p l o t a x i a l speed vs a x i a l d ep th i n t h e
g l o b a l Ocean
3
4 %% Ass ign pa t h
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5 c l c ;
6 c l o s e a l l ;
7 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n ’ )
8 %% Load t h e d a t a p o i n t s : D i f f e r e n t oceans
9 l o ad ( ’ p a c i f i c _m i n . mat ’ , ’−mat ’ )
10 l o ad ( ’ sou the rn_min . mat ’ , ’−mat ’ )
11 l o ad ( ’ i nd i an_min . mat ’ , ’−mat ’ )
12 l o ad ( ’ a t l a n t i c _m i n . mat ’ , ’−mat ’ )
13 %% Con c a n i t a t e a l l
14 l a = [ l a t o t a l A 3 l a t o t a l P 1 l a t o t a l I l a t o t a l S 1 ] ;
15 cmin = [ cmin to t a lA3 , cm i n t o t a l P 1 cm i n t o t a l I cm i n t o t a l S 1 ] ;
16 zmin = [ zm in t o t a lA3 zm i n t o t a l P 1 zm i n t o t a l I zm i n t o t a l S 1 ] ;
17 l o = [ l o t o t a l A 3 l o t o t a l P 1 l o t o t a l I l o t o t a l S 1 ] ;
18
19 tmin = [ Tminto ta lA3 , tm i n t o t a l P 1 t m i n t o t a l I tm i n t o t a l S 1 ] ;
20 smin = [ Smin to ta lA3 , sm i n t o t a l P 1 sm i n t o t a l I sm i n t o t a l S 1 ] ;
21
22 l a ( i s n a n ( l a ) ) = [ ] ;
23 cmin ( i s n a n ( cmin ) ) = [ ] ;
24
25 %% A t l a n t i c
26 f i g u r e ( 1 ) ;
27 p l o t ( cmin to t a lA3 , zmin to t a lA3 , ’ ^ ’ , ’ marke r s ’ , 3 , ’ MarkerEdgeColor
’ , ’ none ’ , ’ MarkerFaceColo r ’ , ’ b l a c k ’ ) ; ho ld on ;
28 %% P a c i f i c
29 f i g u r e ( 1 ) ;
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30 p l o t ( cm in t o t a l P1 , zm in t o t a l P1 , ’ d ’ , ’ marke r s ’ , 3 , ’ MarkerEdgeColor
’ , ’ none ’ , ’ MarkerFaceColo r ’ , ’ b l u e ’ ) ; ho ld on ;
31 %% Ind i a n
32 f i g u r e ( 1 ) ;
33 p l o t ( cm i n t o t a l I , zm i n t o t a l I , ’ s ’ , ’ marke r s ’ , 3 , ’ MarkerEdgeColor ’ ,
’ none ’ , ’ MarkerFaceColo r ’ , ’ r ed ’ ) ; ho ld on ;
34 %% P l o t Sou the rn
35 f i g u r e ( 1 ) ;
36 p l o t ( cm in t o t a l S1 , zm in t o t a l S1 , ’ o ’ , ’ marke r s ’ , 3 , ’ MarkerEdgeColor
’ , ’ none ’ , ’ MarkerFaceColo r ’ , ’ g r e en ’ ) ; ho ld on ;
37 %% Labe l
38 g r i d on ;
39 box on ;
40 x l a b e l ( ’ Sound speed (m/ s ) ’ ) ;
41 y l a b e l ( ’ Depth (m) ’ ) ;
42 pb a s p e c t ( [ 1 2 1 ] ) ;
43 yl im ([ −2000 0 ] ) ;
44 xl im ( [1435 1510 ] ) ;
45 a x i s t i g h t ;
12 Plot of temperature distribution in the world ocean
1 %% Va r i a t i o n o f sound speed minimum and dep th shown u s i ng
t emp e r a t u r e d i s t r i b u t i o n .
2 c l c
3 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n ’ )
4 %% Load t h e d a t a p o i n t s : D i f f e r e n t Oceans
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5 l o ad ( ’ p a c i f i c 1 _m i n . mat ’ , ’−mat ’ )
6 l o ad ( ’ sou the rn1_min . mat ’ , ’−mat ’ )
7 l o ad ( ’ i nd i an1_min . mat ’ , ’−mat ’ )
8 l o ad ( ’ a t l a n t i c 1 _m i n . mat ’ , ’−mat ’ )
9 %% Sample t e s t
10 % SAMPLE = 1:100
11 % cminAt1 = cminAt1 (SAMPLE) ; cminP = cminP (SAMPLE) ; cminI = cminI
(SAMPLE) ; cminS = cminS (SAMPLE) ;
12 % zminAt1 = zminAt1 (SAMPLE) ; zminP = zminP (SAMPLE) ; zminI = zminI
(SAMPLE) ; zminS = zminS (SAMPLE) ;
13 % TminAt1 = TminAt1 (SAMPLE) ; TminP = TminP (SAMPLE) ; TminI = TminI
(SAMPLE) ; TminS = TminS (SAMPLE) ;
14 %% Conca t e n a t e
15
16 % cmin = { [ cminAt1 ] ; [ cminP ] ; [ cminI ] ; [ cminS ] } ;
17 % zmin = { [ zminAt1 ] ; [ zminP ] ; [ zminI ] ; [ zminS ] } ;
18 % Tmin = { [ TminAt1 ] ; [ TminP ] ; [ TminI ] ; [ TminS ] } ;
19 %% To c o r r e c t c o l o r b a r
20 cminAt1 = [ cminAt1 , 1 5 5 0 , 1 4 0 0 ] ;
21 cminP = [ cminP , 1 5 5 0 , 1 4 0 0 ] ;
22 cminI = [ cminI , 1 5 5 0 , 1 4 0 0 ] ;
23 cminS = [ cminS , 1 5 5 0 , 1 4 0 0 ] ;
24
25 zminAt1 = [ zminAt1 , −3550 ,200 ] ;
26 zminP = [ zminP , −3550 ,200 ] ;
27 zminS = [ zminS , −3550 ,200 ] ;
28 zminI = [ zminI , −3550 ,200 ] ;
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29
30 %% Or i g i n a l code
31
32 cmin = { [ cminAt1 ] ; [ cminP ] ; [ cminI ] ; [ cminS ] } ;
33 zmin = { [ zminAt1 ] ; [ zminP ] ; [ zminI ] ; [ zminS ] } ;
34 Tmin = { [ TminAt1 ] ; [ TminP ] ; [ TminI ] ; [ TminS ] } ;
35
36 cmin1 = [ cminAt1 cminP cminI cminS ] ;
37 zmin1 = [ zminAt1 zminP zminI zminS ] ;
38
39 s i z e ( [ cminAt1 cminP cminI cminS ] )
40 s i z e ( [ zminAt1 zminP zminI zminS ] )
41 s i z e ( [ TminAt1 TminP TminI TminS ] )
42
43 l a = [ l aA t l aP l a I l aS ] ;
44 l o = [ loAt loP l o I loS ] ;
45
46 % cmin = [ cm in t o t a lA3 cm i n t o t a l P cm i n t o t a l I cm i n t o t a l S ] ;
47 % zmin = [ zm in t o t a lA3 zm i n t o t a l P zm i n t o t a l I zm i n t o t a l S ] ;
48 % Tmin = [ Tmin to ta lA3 Tmin t o t a l P Tm i n t o t a l I Tm in t o t a l S ] ;
49
50 %% P l o t h e r e
51 f l a g _ c o l o r = 1 ;
52
53 %0 = one c o l o r ;
54 %1 = by oceans ;
55 %2 = by Tempera tu r e
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56
57 f i g u r e ( 1 ) ; ho ld on ; box on ;
58
59 i f f l a g _ c o l o r == 0
60
61 p l o t ( cmin , zmin , ’ . ’ ) ;
62
63 e l s e i f f l a g _ c o l o r == 1
64 p l o t ( cminAt1 , zminAt1 , ’ . ’ , ’ marke r s ’ , 1 ) ;
65 p l o t ( cminP , zminP , ’ p ’ , ’ marke r s ’ , 1 ) ;
66 p l o t ( cminI , zminI , ’+ ’ , ’ marke r s ’ , 1 ) ;
67 p l o t ( cminS , zminS , ’∗ ’ , ’ marke r s ’ , 1 ) ;
68
69 x l a b e l ( ’ Sound speed (m/ s ) ’ )
70 y l a b e l ( ’ Depth (m) ’ )
71 s h ad i ng f l a t ;
72 pb a s p e c t ( [ 1 2 1 ] ) ;
73 a x i s t i g h t ;
74 box on ;
75 g r i d on ;
76 yl im ([ −2200 0 ] )
77
78
79 e l s e i f f l a g _ c o l o r == 2
80 min_T = min ( TminS ) ;
81 max_T = max ( TminS ) ;
82 mycolor = p a r u l a ( l e n g t h ( Tmin ) ) ;
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83 c o l o r _ i n d e x = l e n g t h ( mycolor ) ∗ ( TminS − min_T ) / ( max_T−min_T )
;
84 c o l o r _ i n d e x = c e i l ( c o l o r _ i n d e x ) ;% make an i n t e g e r
85 i n d c = f i n d ( c o l o r _ i n d e x == 0) ;
86 c o l o r _ i n d e x ( i nd c ) = c o l o r _ i n d e x ( i nd c ) + 1 ;
87
88 f o r i = 1 : l e n g t h ( TminS )
89 i ;
90 p l o t ( cminS ( i ) , zminS ( i ) , ’ . ’ , ’ Co lo r ’ , mycolor ( c o l o r _ i n d e x
( i ) , : ) ) ;
91 end
92 co lormap ( mycolor ) ;
93 c o l o r b a r ;
94 c a x i s ( [ min_T max_T ] )
95
96 y l a b e l ( ’ Depth (m) ’ )
97 x l a b e l ( ’ Sound speed (m/ s ) ’ )
98 s h ad i ng f l a t ;
99 a x i s t i g h t ;
100 h = c o l o r b a r ;
101 y l a b e l ( h , ’ Tempera tu r e (C) ’ )
102 g r i d on ;
103 box on ;
104 end
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13 Compare the Munk sound speed profile with computed one
1 %% CODE: C a l c u l a t e SSP from t h e MUNK fo rmu l a and compare wi th
e x i s t i n g SSP
2 c l c ;
3 c l e a r ;
4 %% To compare MUNK sound speed p r o f l e wi th computed sound speed
p r o f i l e
5 cd ( ’C : \ Use r s \ a c h a r \ Box Sync \ Data f i l e s _ S o u n d Speed p r o j e c t \My
Data \ D e p t hC a l c u l a t i o n \ Data2 \ newone ’ )
6 %% Load t h e D i r e c t o r y
7 r = d i r ( ’ a22_ct1_C . csv ’ ) ;
8 f o r i = 1 : l e n g t h ( r ) % l oop i n g a l l c r u i s e s
9 i ;
10 %% load d a t a
11 Z = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Zm. csv ’ ] , ’ , ’ , 1 , 0 ) ;
12 C = dlmread ( [ r ( i ) . name ( 1 : end −5) ’Cm. csv ’ ] , ’ , ’ , 1 , 0 ) ;
13 cmin = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ cmin1 . csv ’ ] , ’ , ’ , 1 , 0 ) ;
14 zmin = dlmread ( [ r ( i ) . name ( 1 : end −5) ’ zmin1 . csv ’ ] , ’ , ’ , 1 , 0 ) ;
15 %% P l o t one p r o f i l e o f s t a t i o n : 40
16 i dx = 48 ;
17 zc = Z ( : , i dx ) ;
18 cc = C ( : , i dx ) ;
19 zmin = zmin ( : , i dx ) ;
20 cmin = cmin ( : , i dx ) ;
21 %% P l o t Speed p r o f i l e − Cru i s e a22
22 f i g u r e ( 1 ) ; p l o t ( cc , zc , ’ . r ’ ) ; ho ld on ;
23 f i g u r e ( 1 ) ; p l o t ( cmin , zmin , ’ ob ’ ) ;
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24 x l a b e l ( ’ Sound speed (m/ s ) ’ )
25 y l a b e l ( ’ Depth (m) ’ )
26 pb a s p e c t ( [ 2 3 1 ] ) ;
27 g r i d on ;
28 a x i s t i g h t
29 end
30
31 %% Ca l c u l a t e t h e SSP u s i ng MUNK Equa t i on
32 %% Def ine C o e f f i c i e n t s
33 z = abs ( zc ) ;
34 C1 = cmin ;
35 Z1 = abs ( zmin ) ;
36
37 %% MUNK Equa t i on
38 z = z (~ i s n a n ( z ) ) ;
39 cc = cc (~ i s n a n ( cc ) ) ;
40 fun = @( x , z ) x ( 1 ) ∗ (1 + 7 . 4 e −3∗ ( ( 2∗ ( z−x ( 2 ) ) /1300 + exp ( −2∗( z−x ( 2 )
) / 1 300 ) ) − 1) ) ;
41 x0 = [100 , −1 ] ;
42 x = l s q c u r v e f i t ( fun , x0 , z , cc )
43
44 FIT = x ( 1 ) ∗ (1 + 7 . 4 e −3∗ ( ( 2∗ ( z−x ( 2 ) ) /1300 + exp ( −2∗( z−x ( 2 ) )
/ 1 300 ) ) − 1) ) ; % F i t u s i n g Munk Formula
45 f i g u r e ( 1 ) ; ho ld on
46 p l o t ( FIT ,−z , ’ k ’ )
47 ho ld o f f
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